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[. INTRODUCTION TO THE SECTOR NOTEBOOK PROJECT
[.A. Summary of the Secor Notebook Project

Integrated ewironmenta policies basedupon comprehensive aralysis of ar,
water ard land pollution are a bgical supplenent to tradtiona single-media
appoactes o ervironmerta protecion. Environmental regulatory ageries
are beginning to enbrace canprehensive, multi-statute sdutions to fadlity
pemitting, erforcenent ard campliance asswance, educaion/ outreach
reseach, ardregulatory development issues.The cetral concepsdriving the
new poalicy directionarethat palutant releasesd eachervironmerta medium
(air, water ard land) affecteachother, ard thaternvironmental strategiesmust
actively identify and address these inter-relationshipshby designing padliciesfor
the “whole” facility. One way to achieve a whole facility focusis to design
environmental policies for smilar indudrial facilities. By doing so,
environmental concerns that are common to the manufacturing of smilar
products canbe addessed in a canprehensive mannea. Recagnition of the
needto dewelop the industia “sector based” appoachwithin the BPA Office
of Compliance led to the creation of this document.

The Sector Notebook Project was originally initiated by the Office of
Compliance wihin the Ofice d Enforcenert ard Campliance Assuence
(OECA) to provide its saff and managers with summay information for
eighteenspediic industial secors. Asother EPA offices states,the regulated
community, ervironmerta groups,ard the pubic becane interested n this
project, the scope of the ariginal projectwas eparded b its curent form.
The abilit y to design comprehensive, common sense environmental protection
measiresfor gpecfic indudries is depenert on knowledge d severa inter-
related topics. For the pumposesof this project, the keyelemerts chosenfor
incluson are: general indudry information (economic and geographic); a
description of indudrial proceses; padlution outputs; padlution prevertion
oppartunities; Federal datutory armd regulatory framework; compliance
history; and a description of patnerships that have been formed baween
regulatory ageries,the regulated canmunity ard the pubic.

For ary given industy, eachtopic listed above could abne ke the sulpect of
alengthy volume However, in order to produce amanageable document, this
project focuses on providing sunmary information for eachtopic. This
format provides he readerwith a syopss of eachissue,ard references f
more in-dept information is available. The caterts of eachprofile were
reseached fom a \ariety of saurces,ard were usualy condersed fom more
detailed saurces. Thisappoachalowed br awidecoverageof acivities that
canbe further exploredbasedupon the citations ard references isted atthe
erd of this profile. As a cleck an the information included, eachnotebook
wert through an exernal review process. The Ofice d Compliance
appeciates te eforts o al those wio paticipatd in this process wb
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eraled us b dewelop nore complete, acarate ard up{o-date sunmaries.
Many of those who reviewedthis notebook are isted as catacts in Section
X and may be sourcesof addtional information. The individuak ard groups
onthislist do not necessarily concur with al satements within this notebook.

|.B. Additional Information
Providing Comments

OECA'’s Office d Compliance phrs to peiiodicaly review arl updae the
notebooks and will make these updaes available koth in hard cooy ard
electronicaly. If you have any comments an the exsting notebook, or if you
would like to provide addional information, please sesha tard cqoy ard
computer disk to the BPA Office of Compliance, Secior Notebook Project,
401 M St., SW(2223A), Washington, DC 20460. Comments canalso be
uploaded b the Enviro$ere World Wide Web for gereral accesso all uses
of the system Follow instructions in Apperdix A for accessig this system
Once you havelogged n, proceduesfor uploading text are a\ailablefromthe
on-line Enviro$erse Hep System

Adapting Notebooks to Particular Needs

Thescopeof the indugry sector described in this notebook approximatesthe
national occurrence of facility types within the sector. In many instances,
indudries within specfic ge@raphic regions or sates may have unque
characteristics hat are rot fully captured in these pofiles. The Ofice d
Compliance erourages ste am local ervironmental agermies an other
groupsto suppkenert or re-packagelte nformation included n this notebook
to include more specific indudrial and regulatory information that may be
available. Addiionally, interested gates may wart to suppkenern the
"Summary of Applicalde Federal Statutes anl Reguhtions’ secton with state
ard local requirements. Compliance a techical assstarce poviders nay
also want to develop the "Pollution Prevention™ section in more detail. Please
contactthe appopriate spea@list listed on the gpering pageof thisnotebook
if your office is interested in assisting usin the further development of the
information or pdlicies addressed within this volume. If you are interested in
assisting in the dewlopment of new notebooks for secbrs rot akeady
covered, plea® catactthe Ofice d Compliance at202564-2395.
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[I. INTRODUCTION TO THE PHARM ACEUTI CAL | NDUSTRY

This secton provides lackgound information on the ske, gearaphic
distribution, enployment, production, sales, ard ecaomic condition of the
pharmaceutical indudry. Facilities described within this document are
described in terms of their Standard Indugrial Classification (SIC) codes.

[1.A. Introduction, Background, and Sope of the Notebook

The Sardad Industia Classficaion (SIC) code es#blished by the US.
Office d Managenent ard Budget(OMB) to track he flow of goods ard
serviceswithin the economy is 283 Pr the pramrmaceuicak indudry. The
indudry is further caiegaized ly four 4-digit SIC codesconsisting of:

Medicinalsand Botanicals(SIC 2833)
Pharmaceutical lPeparations(SIC 2834)

In Vivo and in Vtro Diagnosic Subgsances(SIC 2835)
Biological Froducts except diagndgs (SIC 2836)

OMB isinthe process 6charnging the SIC code sptemto a systembased m
smilar produdion processes caled the North American Indudrial
Classficaton System (NAICS). In the NAIC system medicinals ard
botanicakare chsified adNAIC 325411 ad plarmaceuicalprepaationsare
clasified asNAIC 325412.

Accarding to the U.S. Cenaus of Manufacturers, in 1992 he Medicinalsand
Botanicak aml Phamaceuical Prepaations cakegaies accainted for 64
percert of establishmerts ard 81 pecert of the value d shipments in the
industy. In compaiison, the In Vitro ard In Vivo Diagrostic Products ard
Biological Products categaies are relatively small. Together theyaccainted
for the remaining 36 percent of estblishmerts ard 19% of the value d
shipmentsin theindudry. In genera, the indudrial processes and subsequent
ervironmertal impacs d the In Vitro ard In Vivo Diagrostic Products ard
Biological Products cakegaies ae different from those d the Medctinals ard
Botanicak amd Phammaceuical Prepaations caegaies. This notebook
concertrateson the two larger caiegaies (SIC 2833 ad 2834)within SIC
283.

[1.B. Characterization of the Pharmaceutical Industry

Asdeifned by its SIC Cade,the pharmaceuicakindugry (SIC 283)consists
of establishments that are primarily involved in fabricating or processing
medicina chemicak am pramaceuical products. Theindusty alsoincludes
estblishmerts that formulate pfammaceuical products ard are involved n
grinding, grading, and miling of botanical produds. The Census of
Manufacturers defnes anesgblishmert as a sigle physical locaton or a
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facility where manufacturing occurs. If more than one distinct line of
manufacturing occurs at the same location, the Bureau d& Cersus requires
sepaste reports for eachacivity.

Althoughthe indugry is pat of the wo-digit SIC code 28 ér Chemicak ard
Allied Produds, it differs sgnific antly from therest of the chemicals indugry
in its industrial proceses ard regulatory requirements. For exanple, in its
industial processeshe prarmaceuicak industy uses rore batch operations
thanthe chemcakindusty asa whole. Since sane of the tulk manufacturing
operations involve exracing relatively smal, highly concertrated quartities
of active ingredients from much larger volumes of raw méaeria, theindugry’s
production yield for these @erations is correspandingly low.

The plarmaceuicak industy alsorecevesextensiveregulatory oversight by
the US.Food ard Drug Administration (FDA). 1n 1996 ,the Genterfor Drug
Evaluaion ard Research, FDA appoved 131 ew drug appicaions (NDAS),
of which 53 wee new molecubr ertities. Accarding to the Cagressonal
Officeof Techology Assessmert (OTA) in 1993,it costs anaverageof $359
millio nto develop anew drug and complete the drug approval process. Total
drug dewlopmert ard agery review time aweraged 153 yeas for drugs
appovedfrom 1990through1995.More information on the typicalindugrial
procesesard regulatory requirements of thisindugry is providedin Sectons
[l and VI, respectively.

When a plamaceuical compary discovers a conpound that may have
medical patential, the company usudly applies for apaent. Patents are valid
for 20yeasfromthe date of applcaion. Any drug mede fomthe canpournd
may be marketed aly after approval by the federal Food ard Drug
Administration (FDA). The drug development process, beginning withinitial
toxicologytesting, followed by clinical trials for safety and effectiveness, and
review o the appication by the FDA awerages ifteenyeass. When the
compary’'s paent or peiiod of exclusivity has expired, other comparies may
rely on the ariginal manufacturer sdata on sakty ard efeciveress 6 obtain
appoval to market a gereric version of the diug. Companes warting to
manufacture the same drug onceit is off-patent are required to obtain FDA
marketing appoval, based m evderce that the gemric verson is
“bioequvaent,” i.e., differsin the rate ard extent of drug alsorption by no
more than 25 pecert nor less hanthe 20 pecert from the aiginal drug
(FDA, 1996) While companes that specialize n the dewlopmernt ard
marketing of brand-name, innovator drugs may have subddiaries that

1 The term “brand name is used interchangesbly with “pioneer drug” or “innovata’s drug produd”. The terms
reflect the fact that the drug produd is the first to contain a particular adive ingredient or ingredients to receive
FDA approval for aspecified use. The term “generic” drugis used to desaibe a piodud that contains the same
adive ingredients but not necessarily the sameexcipients (inactive ingredients) asa ©-called “pioneer drug”.
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manufacture gemric products, most gereric drug canparies do not conduct
reseach intended o idertify ard dewelop innovator drugs(PhRMA, 1997)

Because bthe high cost ard timeto appoval, effecive paent protecion is
an essetial componert in the decsion to invest in drug devéopment ard
marketing. This is especiadly true for international companies interested in
marketing drugsin seweral countries, eachwith its ovn appoval procedue
ard merketing requirements. While the International Confererce m
Harmonization is proposing harmonized rues for drug registration and
appoval for Europe, Jgpan ard the Urited Sates, eachcountry retains its
own appoval system Inother countries, espeally deeloping caurtries,the
issue 6 adequag paent protecion is a cetral concem of phamrmaceutical
manufacturers (PhRMA, 1997)

Discovery of new compounds Pllowed ky further reseach ard development
(R&D) isone o the pimary functions d the ndusty. The ptarmaceuical
production process srts with an extensive reseach stage,which can last
sewra years. Following the discovery of a rew drug that appeas to have
efficacyintreaing or prevertingilln ess, pre-clinical testsand clinical trials are
conducied. Thena New Dug Applicaion (NDA) is submitted to the FDA
for approval. Accarding to a pimary trade asstation for pharmaceuical
comparies producing lrard name drugs, the Fhamrmaceuical Reseach ard
Manufacturers of America(PhRMA), it takes amwerage @ 15 years o bring
anew drug to market, from time of discovery to appoval (PhRMA, 1996)
It isonly after FDA appoval has beensecued that market distribution in the
U.S. can bagin.

The campeition for discovering new drugs aml kringing themto market is
extremely high. Asa resuk, a sgnificart proportion of the industy’s sa¢sare
reinvested nto reseach ard dewelopmert (R&D). Accading to PhRMA,
total R& D expenditures, both domestically and abroad, by its members, will
be close to $19 hllio n ddlarsin 1997. PHRRMA egimates that over 21% of
total sales will be reinvested into R&D by its members (PhRMA, 1997)

I1.B.1. Product Characterization

The pramaceuical industy manufactures lulk sutstance pltamaceutical
intermediates ard actve ingredients whch are further processedrito finished
product.

Medicinalsand Botanicals(SIC 2833)

Comparies in the Medtinals ard Batanicalk industy categay are primarily
ergagedn 1) manufacturing bulk orgaric ard inorgaric medicinal chenicals
and their derivatives and 2) processing (grading, grinding, and milling) bulk
botanical drugsard herbs. The industry is made up & egablishmerts or
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facilit ies that manufacture produds of natural origin, hormonal produds, and
basic vitamins, as well as hose thatisolate actve nedicinal principak suchas
alkaloidsfrom botanicaldrugsard herbs (OMB, 1987) These sibstancesare
used as aote ingredients for the Fhamaceuical Prepaations industy
catgay. Comparnes dten produce loth Medicinds and Botanicak amd
Phamaceuical Prepaations at the sane fadlity.

Pharmaceutical lPeparations(SIC 2834)

The Phamaceuical Prepaations industy caiegay is made up & companes
that manufacture, fabricate, ard process awv materials into pharmaceuical
prepaations for human ard veterinary uses. Finished pioducts are sold in
various dsage 6érms including, for exanple, tablets, capsuts, ointments,
sdutions, suspesions, ard povders. These ag 1)prepaationsaimed for use
mainly by dertal, medical, or veterinary professonals, ard 2) those aimed for
use by paiens ard the gemra public (OMB, 1987) A more in deph
discussn of these inished pioducts is provided n Secton I11.A.3.
Phamaceuical products also are dten classfied n terms o their availabilit y
to the gerral pulic.

Both presciption ard over-the-counter (OTC) drugs ae awailable o the
pulic. Presciption drugs carbe purchasedonly with a pesciption from a
licersed leath care piofessonal authorized o prescribe, while OTC dmugs
may be purchased without a prescription. The FDA will consider approving
the swich of a dug from presciption to OTC when the manufacturer
preseis eviderce hat consumers cansef-diagnose the cadition for which
thedrug isappoved,i.e., cdd or seasaal alergy, ard drecionsfor usecan
be written for the cansumer (PhRMA, 1997)

In Vivoand In Vitro Diagnosic SubsancegSIC 2835)and Bological Froducts(SIC 2836)

ThelnVivo ard InVitro Diagrostic Sulstancesindugry caegay (SIC 2835)
includes facilit ies that manufacture in vivo (tested inside a living organism)
ard in vitro (tesed outsideof a iving orgarnism) diagrostic sulstances. They
produce clemical biological ard radioacive sulstances usedn diagrosing
ard nonitoring heath. TheBiologicalProductsindudry caegay (SIC 2836)
produces hctenal ard virus \accies, toxoids, seums, plasnas, ard other
blood derivativesfor human and veterinary use, other thaninvitro and invivo
diagrostic substances(OMB, 1987)

[1.B.2. Industry Size

Accading to the U.S. Census of Manufactures for the phamrmaceuicak
indudry as a wiole (SIC 283), in 1992 here wee a wta of 1425
establishments employing 194000 pe@le (excluding Pueto Rico). It is
possible that someof the smaller facilit iesidentified by the Censusare actudly
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sales, marketing or distribution centersin which no manufacturing operations
take place. Suchpossble msclassiications have no significart effecton the
cersus satistics dher thanon the rumber of comparies ard estblishmerts.
(U.S. Depatment of Commerce, 1995) The vaelue d total shipments was
over $67 hllio n (see Table 1). Pharmaceuical Prepaations (SIC 2834)was
the largestsecbr in terms o number of faclities (48 pecert), enployment
(63 percent), and value of shipments (75 percent). The remaning facilit ies,
employment, ard vaue d shipments were divided eerly anong the
remaining sectors within the indugry. One exception is the In Vivo and In
Vitro Diagrostic Products sector (SIC 2835)which claims a higher portion
of enployment than SIC codes2833ard 2836. Figure 1 dgplays the value
of shpments by secbr, ard Hgure 2 dsplys enployment by secbr.

A relatively significart number of phammaceuical eseblishmerts are locaied
in Puerto Rico. This isin part the result of the federal government’s padlicy
decsion to ercourage pb creaton by offeringtax incertives to manufacturers
to locate rew plarts in Puerto Rico. A 1996 &x law phassout those tax
incertives over the rext ten yeass.

The effects of the tax incentive are illustrated by the concentration of
phamaceuical plarts in Puerto Rico. Accading to the 1992 Eonomic
Cersus d Outlying Areas which coversstatisticsfor Puerto Rico, there wee
a total of 88 estblishmerts in Puerto Rico. Of these 88,74 establishmerts
were in the Fhamaceuical Prepaationsindusty, 8 weee in the Medtinals
ard Botanicak industy, ard the remaining six estblishmerts were in the In
Vitro ard In Vivo Diagrostic Productsindudry, and the Biological Products,
exceptdiagrostic sulstances ndusty. The total value d shipments d the 88
edablishmertslocated nPueto Ricowasalout $12 hllio n. Pharmaceuical
Prepaations accaunted for alout 92 percent of this. The pramaceuical
indudry in Puerto Rico employed about 25,000 people in the 88
egablishmertsin 1992.
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Table 1: Summary Statistics for the Pharmaceuical Industry
50 STATES PUERTO RICO
Value d Value d
Shipments Shipments
Number of Number of [(millionsof [Employmen] Number of [(millions of | Employment
Industry | Establishments | Companies' | dollars)? t Establishments| dollars)? (000's)
(000's)
|SIC 2833 225 208 6,438 13 8 N/A3 N/A3
[sic2s3q 691 585 [50418 123 74 11097 22
[sic2s3yd 234 205 | 6838 40 5 477 1
[sic2s3d 275 193 |[3974 18 TS N/A®
[ Total 1425 1191 | 67668 194 88 [11924 25

Source: 1992 Casusof Manufcturers, Indugry Seies. Drugs USDepartment of Commerce, Bureau ofthe Census
1995 and 192 Economic Censis of Qutlying Areas Manufactuers: Puerto Rico,US Department of Cormerce,
Bureau ofthe Census 1994.

Defined asa husiness organization consisting of one estaldishment or mare under comman ownership or control.
2Value of all products and services sold by estadishments in the phamaceuticalsindustry.

3Certain census data ae not availale for Puerto Rico. Informatian iswithheld to awoid disclosing data fr individual
fadlities.

Figure 1: Percert of Total Value d Shipments by Sector
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Souce: 1992 US. Cenaus of Manufacturers.

Secbr Notebook Project 8 Sepenber 1997




Pharmaceutical Industry I ntr oduction

Figure 2: Employment in the Pharmaceuical Industry
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Souce: 1992 US. Cenaus of Manufacturers.

As shown in Table 2, many facilit ies within the pharmaceuicd indugry are
small. Almost 70 percent of the facilities employ fewer than 50 people.
Howewer, a relatively small number of large canpanes accant for a large
portion of the total value o shipmerts, as welasenploymert. For exanple,
accading to the 1992 US. Cersus of Manufacturers, only 36 fadlit ies (less
thanthree pecert) enployed norethan1,000 pepleinthe50states(i.e., not
including Puerto Rico). However, these 36 facilit ies accainted for over 38%
of the total value d shipments for the indugry. Incomparison, 968 fdlit ies
(almost 70 percent) employ fewer than 50 people. However, these facilit ies
accaurted or less hanfour percert of the industy’s value o shpmerts.
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Table 2: Pharmacettical | ndustry (SIC 283) Facility Size
Number of Employees | Number of Facilities Percert of Total Percert of Total Value
Facilities (%) of Shipments @6)
fewer than 10 479 34 06
10 to49 489 34 3.2
50 to249 292 20 19
250 t0999 129 9.1 39
1,000 o more 36 25 38
Total 1,425 100 100

Source: 1992 Casus of Manufacturers, Indudry Seies. Drugs Bureau ofthe Cenaus 1995.
! Does not include Puerto Rico - informatian withheld to awoid disclosi ng data or individual fcilities.
2 Someinformatian withheld to awid disclosing individual fcility data. \alues maybe somewhat higher.

Medicinals and Botanicals(SIC 2833)and Fharmaceutical Peparations(SIC 2834)

The essblishmernt size dstributions for Phamaceuical Prepaations ard
Medicinals and Botanicals are amilar (see Table 3). The Pharmaceuical
Prepaations secbr, however, has a sonewhat higher proportion of large
facilities. As is the case with the pharmaceuicak industry as a wiole, a
relatively small number of large estblishmerts accaunt for the majority of the
total value d shpments for the Fhamrmaceuical Prepaationsindusty. Value
of shpment datis not available by eseblishmert size or the Medcinals ard
Botanicak secbr.

Table 3: Employment Size Distribution for Medicinals and Botanicals and
Pharmacetuical PreparationsEstablishments?!
M edicinals and Botanicals Pharmacetical Preparations
Percert of Percert of
Number of | Number of | Percert of Value of Number of | Percert of Value of
Employees| Facilities Facilit ies Shipments Facilit ies Facilit ies Shipments
< than 10 104 46 N/A? 225 33 04
10 0 49 76 34 N/A? 211 30 2
50 b 249 35 16 N/A2? 142 21 10
250 o more 10 4 N/A? 113 16 88
Total 225 100 100 691 100 100

Source: 1992 US. Cenaus of Manufacturers.

1 Not including Puerto Rico.
2 Informatian has keen withheld to awid disclosing individual estaldishment data.
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Table 4 Ists the largest U.S. phamaceuical companes in terms o U.S.
presciption saks.

Table 4: Top U.S. Pharmaceutical Companies by Sales
Rank Company 1996 RxSaks
(millions of dollars)
1 Glaxo Welcome 5,803
2 Johnn & Johnon 5,275
3 American Home Products 5,251
4 Bristd-Myers Squibb 5,160
5 Merck & Co 5,026
6 Pfizer 4511
7 Novartis 3,786
8 SmithKline Beedham 3,589
9 Lilly 3,567
10 |Abbat 3423
11 |Scheing-Plough 3,272
12 Hoechst Marion Roussé 2474
13 |Roche 2,316
14 Amgen 1,860
15 [Bayer 1,854

Source: IMS America.

I1.B.3. Geographic Didribution

The US. phamrmaceuicak industy hastradtionally beenconcertrated n New
Jewsey, Calfornia, ard New Yak (see kgure 3) Thesethreestatesaccaint
for about one third of the facilities, employees, and value of shipments.
Historicaly, the industy concertrated tere becausehesewere vocatonal
ceners. Other states,suchas Massaalsets, North Carolina ard Maryland,
have seenrecert growth in the pramaceuicak industy, espeally in

biotechnology ard reseach ard deelopmernt.
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Figure 3: Geographic Digribution of Pharmaceuical Facilities(SIC 2833 and 2834)
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Souce: 1992 US. Cenaus of Manufacturers.

A significart number of pharmaceuical estblishmerts are also located n
Puerto Rico. According to the 1992 EEonomic @&nsusof Outlying Aeas
which covers statistics or Puerto Rico, there wee a wta of 88
phamaceuicak esablishments in Puetto Rico accainting for almost $12
billion in shipments. Eighty two of these establishments were in the
Phamaceuical Prepaations ard Medrinals ard Botanicak seobrs. These
estblishmertsaccainted for 11 pecert of al enployment ard 15percert of
the value d shipments for these sears. The diving force kehind the
phamaceutcakindusty concertrating in Puerto Rico over the yeass are tax
incertives spedicaly directed atthe ndusty.

Many U.S. firms have facilit ies abroad or own foreign companies in which

both R&D ard producton of pharmaceuicak are canducted. According to

PRRMA, in 1996 ts member firms enployed cbse to 165000 peple

overseasn the producion of presciption phramaceuicak. Of these,alout

42%were enployed n Westem Europe. The rext largestregion for overseas
enployment by PhARMA member comparies s Latin America aml the

Caiibbean with 20 pecent (PhRMA, 1996) Recetly, a rumber of

phamaceuical comparies aemoving producion to Ireland. Smilarly, many

foreign owned phamaceuical firms gperate plamrmaceuical reseach ard

development and produdion facilities in the U.S.
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[1.B.4. Economic Trendsand International Competition
Changesn the US.Health Gare Indugry

During the ealy 1990she Unted Satesphammaceuicalindudry faced najor
challengesassaeiatedwith the changing nature of heath care deivery coupled
with intense market compeittion. In 1995 abut 62 pecert of presriptions
were pad for by insuring third parties, up fom 39 pecert in 1990. Third
patties, including managedcare orgarizaions and Medicad, considercastin
choosing which drugsare appiovedfor reimbursement. Tecmiquessuch as
substituting gereric drugs for brarded dugs are ako used. Low priced
gereric drugs epidly capure a lrge slare of presciptions ance the
originating drug’s paent expires. Likewise, intense R&D rivalries between
companies now mean that new produds may have mgor competition within
months aftter their FDA appoval, as was he case for three canpetng
proteag inhibitors appoved ketween Decenber 1995 ad April 1996.
Comparies have responded to storter product life cyles am cost
containment pressures by forming an increasing number of strategic aliances
ard merging. Howewer, a seadystreamof new produd introductons has
contributed to steadyindusty growth driven by an increasng volume of
pre<riptions. In 1997, reseacch-based canpanes net sales in the Urited
Statesare piojected © reach$661 hllio n, a5.5 percent increase over 1996
(PhRMA, 1997)

Consolidation ofthe Fharmaceuticaldndudry

Compettive pressues ae forcing many companies to restructure armd form
mergers and drategic dliances. Increasing competition from both domestic
ard foreignfirms, as welas fomthe gemric drug merket, has forced nergers
betweenthe larger pharmaceuical comparies ard mid-sized canparies. In
1989, three naor mergers occured between large am md-sized
phamaceuicalcomparies. In1995,thisnumberincreagd b seven. In 1996,
there wee three nergers.

As a resuk of generic compeition, same brand name firms ae kecaming
involved wih companes that manufacture gemric drugs ly purchasng
existing camparies, setting up heir own gereric drug ventures or forming
partnerships (PhRMA, 1996) Also, many smaller biotech ard R&D
companies ae nerging with large ptarmaceuical comparies. Strategic
dliances often involve domestic and foreign pharmaceuical comparies,
biotechfirms, unversity research centers, government agerties suchas he
National Institute o Heath, ard contract reseach organzations. Such
mergers and dliances dlow companies to draw upan eachothers' reseach
expettise, bring producisto market more rapidly, and more effectively market
products once they are appoved ly FDA.

Secbr Notebook Project 13 Sepenber 1997



Pharmaceutical Industry I ntr oduction

Changesn Geogaphical Gncentations

An increasng number of estblishmerts owned by U.S. companes are
locating outsde he US. A number of forces ae diving these chrges,
including the growing international market for phamaceuical product,
foreign registration requirements and paent laws, laws allowing sales only if
the pioducts are manufactured n the cauntry; ard tax incertives.

Intemational Tiade and @mpetition

The US. phamacedicals industy accants for about one-third of al
phamaceuicak marketedworldwide (seeFigure 4) The ngjor U.S. trading
partners are Europe, Japan Canada, ard Mexco. The largestimporter of
U.S. phamaceuicak is the EuropeanCommunity (EC). In 1993,the EC
alone imported nearly 50% of al U.S. exports (ITA, 1994) Canada aml
Mexico combined mported 15 pecert of all U.S. exports o pharmaceuical
productsin 1993. The North AmericanFree Trade Agreenert (NAFTA),
howewer, hasincreasedhe wlume of trade wih Carada al Mexcoinrecen
yeas.

Although Japan gill remans one of the largest importers of U.S.
phamaceuicak, Japaese plamaceuical comparies have beeninvesting
heavly in their own R&D, thereby reducing Japats import share d U.S.
exports in recern yeas.

In 1993,Europeararnd Jparese pharmaceuical comparies accainted for 27
percert ard 22 pecert of al phamaceuicas narketed worldwide,
respecively (PhRMA, 1996) Chinaard the cauntries of the former Soviet
Union are potentially large merkets for U.S. phamrmaceuicals. Howe\ver,
China is also increasng its production of pharmaceuical and the former
countries d the Sviet Union pose sone mgjor challengesfor U.S. produces
in terms of testing and licensing regulations (International Trade
Administration, 1994)

Major issues dffecting the international competitiveness of U.S.
phamaceuical firms include prce cotrols ard intellectual propetty
protection alroad. Other tradebarriers include breign pricing systens that
favor localy produced phmaceuical, disciminatory registration
requirements, and requirements that foreign companies enter into joint
ventures with domestic firms.
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Figure 4. World Salesaof Pharmacetticals, 1995
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Source: Pharmaceutical Resarch and Manufactuars of Anerica, 1997
basd on daa provided by IMS America, 1996.
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Pharmaceutical Industry Industrial Process Description

INDUSTRIAL P ROCESS DESCRIPTION

Thissectondescibes the mgjor industial processes whinthe plamaceuical
indudry, including the naterials ard equpment used, ard the ploceses
enployed. The sedion is desgned r those interested n ganing a geerd
understanding of theindudry, and for those interested inthe inter-relationship
betweenthe industia processand thetopics desdbed in sultsequen sectons
of this profile -- pollutant outputs, pdlution prevertion opportunities, and
Fedea regulations This section does not attempt to replicate pubished
ergineeing information thatisavaiable for thisindusty. Refr to Secton IX
for a ist of reference da@unents that are a\ailable.

This secton spediicaly contains adesciption of commonly usedproducton
processesassaiated raw meterials, ard the neterials ether recycled o
trarsferred off-site. This discussion, coupledwith schematic drawings of the
idertified pocessesprovides alesciption of where wases nay be produced
inthe process. A more in-deph desciption of the mgjor wasesproducedoy
phamaceuical manufacturing canbe found in Secton [11.B.

Additionally, it is important to understand the regulatory framework in which
phamaceuicalproducisare manufactured. To protectthe pubic fromurnsake
or ineffecive pramaceuical products, Congress estblished a stingert
regulatory systemto control the reseachard developmert, manufacture ard
marketing of pharmaceuicalproducts. The USFood ard Drug Administration
(FDA) was ddegaed the responsibility for: (i) evaluaing the safety and
efficacyof new drugs;(ii) deermining if the benefitsof thedrug autweighthe
risks and warrant approval for sale; and (iii) reviewing toxicological
pefformance d acive plamaceuical ingredents. For most new
pharmaceuical compounds, FDA oversight begins scon after the dscovery
of the canpound.

[ll. A. Industrial Processes in the Pharmaceutical Industry

The pioducton of phamrmaceuical products canbe broken down into three
main stages:1) reseach ard deelopmert; 2) the cawersion of organc ard
natural sutstances nto bulk prammaceuical sulstances @ ingredients through
fermertation, extraction, ard/or chemicalsynthesis;ard 3) the formulation of
the final pharmaceuical product

[ll. A.1. Reseach and Development

Newdrug dewelopmert involves bur principalphases:Pre-ClinicalReseach
ard Dewelopmert; ClinicalReseathand Developmert; Review d New Diug
Application; and Post Marketing Surveillance. Pre-Clinical Research and
Dewelopmert begins after a plomising canpound has beendiscovered aml
isolated n the laboratory. In this phase,the canpound is suhected b
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extensive laboratory ard anmal tests to deermine whether the compound is
biologicaly acive ard safe. The awerage tme to complete this phase $ six
yeas.

After completing the Rre-Clinical Reseath ard Devdlopmert ard before
testing the drug in humans, an gpplication is filed with FDA known as an
Investigational New Drug Application (IND). The application must show the
resuks d the preclinicaltesting ard desil the plars for human clinical tests.
It must also contain information alout the clemical stucture o the
compound ard a geera desciption as b how the campound is
manufactured.

Clinical Researh ard Dewelopmert is typicaly conducted in three phases,
with eachphase nvolving progressively morepele. The first phase which
typicaly lasts almut a year, is aimed at estblishing the diug’'s saéty ard
involvesasmal number of heathy volunteess. The secod phase which lasts
alout two years, helps the scentistsdeerminethedrug’seffeciveress.Inthe
third phese, the drug is used in clinics and hospitals, and scientists must
confirm the resuks d eafier tests aml idertify ary adwerse reactons.
Altogetherthe three plases 6ClinicalResearhard Dewelopmert take about
Six yeass.

Inthe first phase d ClinicalReseachand Developmert, a snall anourt of the
compound is manufactured in a pilot plant for use in the clinical trials. This
batch of compound is called Clinical Trial Material (CTM). At this time, the
manufacturing steps ¢ the canpound ale abko optimized anl improved.
During this phese, attention to waste minimization considerations is mast
effective.

After Clinical Researh ard Dewelopment is completed, the canpary files,
with the FDA, a New Dug Applicaion (NDA) containing camprehensive
data atout the canpound. The NDA mustincludedaiato denonstrate that
the diug is safe ard efecive for use urder the conditions de<ribed in its
labeling. FDA regulations require thatthe NDA contain spediic ard detiled
information on: the canponerts ard camposition of the diug; the methods
ard cantrolsusednthe manufacturing; processng ard packagig of the dug;
ard, da@fromal pre-clinicalard clinicalinvestigaions. In 1993,the nedian
total appoval time for NDAs was21 nonths. This has beensgnificantly
reduced and in 1996 the median totd gpproval time for NDAs was 15
months

Eachstep n the manufacturing process,and the idertity ard quaity of each
ingredient usedm the piocessmustbe spediied nthe NDA ard appioved by
the FDA. Orce he NDA is approved, cetan charges canot be made
without the filing and approval by the FDA of a suppkenerta applcation,
known asanSNDA. The level of reporting depedson the type d charge
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and may require substantial investment of resources to implement. FDA
appioval may take sveral years to obtain depewling on the reture of the
charge, ard sane charges eenrequire new clinical studies.

Based on dat from a 1995 sudy by the Center for the Sudy of Drug
Dewelopmert at Tufts University, a phamaceuical Reseach ard
Development (R&D) facility discovering and developing a new medicinal
agent will evaluate approximately 5,000 © 10,000 canpounds About 250
of these sutances nay hold therapeuic promise aru erter precinicaltesting.
However, only about five will go on to limited human dinica testing.
Subsequently, only one, after 15.3 years of research and development, willbe
introduced conmercialy asa rew drug (PhRMA, 1997)

Bascreseachisrespmsible for idertifying ard isolating or synthesizing each
new chemical entity that will be evaluaed for its patential therapeutic
effeciveress. Once a éadcompound has keenidertified anl characterized,
some 1,000 elated chemical substanceswill be synthesized and sudied by
laboratory assaysystens. Theseassaysystensare designedto idertity which
compounds exibit the nost spediic ard paent biological effect For each
compound tested, gererally same 5-10 sepaate chemical reactons will be
needed to synthesize the compound. The resultsof biological testingwill t hen
guide he drection of sutsequen synthetic operations. If the resuks ae
unsaisfaciory, thenthe piocess sirts arew.

Should a substance show promise in the laboratory assays, limited animal
studies are sarted. If there is no acivity in the anmal, other related
compounds will be evaluated or the program will be discontinued. Once
biologicaly acive sulstances ae idenrified, they will undergo further
chemical modification to refine their efficacyard sagty.

Once an active candidae has been identified, it will be proposed for formal
development. Phamaceuicaldevelopmert includes be e\aluationof synthetic
methods an a lrger scaé ard the assessent of variousways of formulating
the drug to provide optimum delivery. Up to this paint, only small amounts
have been synthesized for evaluaion. More will be needed for the extensive
animal testing required by FDA. Even larger amountswill be required for the
extensive cinical sudiesin humans required before federa appoval.

1. A.2. Production of Bulk Pharmaceuical Subgances

Bulk pharmaceuical sulstances ypicaly consist of structurally complex
organc chemcal compounds whch are nmanufactured va a sees d
intermedigte steps ad reactons under precise caditions. These sultances
are used m the manufacure o the dmage érm of a formulated
phamaceutical productard are manufactured ty: (1) chemical synthesis; (2)
fermertation; (3) isolation/recovery fromnatural saurces,or (4) acombination
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of these pocesses. Exanples d different drugs poduced ly eachof these
processes a& presened in Table 5.

Table 5: Examples of Pharmaceutical Products by Bulk Manufacturing Process

Chemical Synthesis Natural Frodud Extradion Fermentation
Antibiotics Antineopladic Agents Antibiotics
Antihistamines Enzymes ard Digestive Aids Antineopladic Agents
Cardiovascular Agents CNS Deressaits Therapeutic Nutrients
Central Nervous Sytem (CNS) | Hematdogical Agents Vitamins

Stimulants Insulin Steroids
CNS Deressaits Vaccines
Hormones
Vitamins

Most prarmaceuical subgancesare manufactured utilizing “batch” processes.

In a katch process apatticular sutstanceor “intermediate” is manufactured
ina“canpagn” for petiods ranging from a few days to severa months urtil

sufficiert material is manufactured b satsfy the projecied sads denand. At
the erd of the manufacturing canpaign, arother pharmaceuical intermedete
or substance s made. The sme equpmert with potentially different
configurations ard the sane operating pesonnel are dten used ® make a
different intermediate or substance, utilizing different raw maerials, executing
different processesard generating different waste steans.

Whenthe sane equpmert is used ér manufacturing different intermedistes
and/or different bulk sulstances,the equpmert is thoroughy cleared and
validated pror to itsreuse. Where ckanng of a spedic type d equpmert
is difficult or where a suficiert volume of a cetain intermediste or bulk
sulstance s made e\ery year, the equpmert may be dedcated © the ketch
manufacturing of a paticular intermediste or bulk substance. Where the
equipment is dedicated to the produdion of successie batches o the sane
intermediate or bulk sulstance,the equpmert may not bewasled aml cleared
between batches. Instead, the cleaning schedule will d epend on whether there
isa pdential for caryover of contamnarts or degaded naterials that could
affectthe final product

The spedic methods aml neterials (e.g., water, steam deergerts, ard/or
organic solvents) used to clean the equipment are based on the ability of the
cleanng process © remove residues o raw materials, intermediates,
precusors, degeadaton products, ard isomers (FDA, 1996)

An intermediateis a mateial produced during a mamifacuring process that must undergo further

mdecular change or processing before it becomes a hulk phamacutical substance.
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Raw materials ae checked or their idertity ard quaity before use n the
manufacturing processes. Additionaly, in-process testing, as well as qudity
assurance/qudit y control (QA/QC) testing in onsitelaboratories, isperformed
during drug pioductmanufacturing. In-procestesting may includesimple pH

measuements or checks a caor, while QA/QC testing typicaly includes
more sphisticatedaralysessuchas clomatograpty. “Upon completion of
the menufacturing operation, batch-production records ae clecked
competert ard respansible personnel for actualyield aganst thearetical yield
of a katch ard to ersure that eachstep has keenperformed ard sgned or”

(McGraw Hill Encyclopedia of Technology).

Chemical Synthés

Most of the canpoundsusedtodayas plammaceuical products are prepaed
by chemcal synthesis, gereraly by a ketch proces (Watthey, 1992)
Cardiovascuhbr agertts, ceriral newvous sgtemagetns, vitamins, artibiotics,
ard artihistamnes ae just a few exanples d the kulk phamacautical
subgances made by this process.

The manufacture of pharmaceuica compounds usng chemical synthesis
involves a conplex seies d processegicluding many intermedete stagesard
chemical reactons pefformed in a sep-by-step fashion. Depenling on the
processthe goerator (or a pogrammed computer) adds eagets, increases
or deceasestie flow rate of chlled waer or steam ard siarts ard sops
punpsto draw the reacbr conterisinto arother vessel At other stagesmthe
proces, solutions may be punped trough filters or certrifuges recycled
within the process, or punped to recycling or disposal facilit ies. Co-produds,
suchas sdk, may be sdd for reuse. Spert acds, metals, ard catlysts may
be recovered and reused onsite or sold for reuse.

The neterial from eachintermediate step nay be isolated ard trarsferred to
the rext step d the procesdor continuedprocessng urtil the final compound
isdelived. Thesesteps nay be al conducied atthe sane manufacturing ste,
or if the intermediate is isolated, it may be transferred to another site for
further processing.

It isimpossible to provide asingle process flow diagram for thisindugry since
eachbulk phammaceuicalsulstanceis different in its manufacture armd seeral
intermediates may be produced in astep-wise fashion prior to the manufacture
of the final active ingredient. Howewer, an exanple chemical synthesis
process bs keenprovided as Fure 5 b show theequpmert usedard where
wastes @ enissbns mght be generated.
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Figure 5: Simplified Proces Flow Diagram for Chemical Syrthesis
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Source: Adapted from Econonic Impactand Rgulatory Hexibility Analysis of Proposed Effluent Guidelines for the
Pharmaceutical Manufacturing Indugry, 1995.

Reacbrs

The nost common type d reacbr vesselis the ketle-type reacbr. These
reacbrs typicaly range n capady from 50 1 seera thousam galons. The
vesses are nade d either stainless stelor glasstined cabon steel

A diagram of a typical reacor vesselis stown in Figure 6. “Reacbrs ae
equipped to provide arange of capabilities that may be required duiing the
batch reacton step. This equpment may include:a pcketfor heaing ard
cooling, hookupsfor charging raw materials ard for discharging the conterts
of the reactbr, an agtation ard recycle ne for mixing, control systens for
temperature and pressure, a condenser system for controlling vent losses, a
return line for refluxing condersables,a steamejecior for vacuumoperation,
a ritrogensupply for paddng ard purging the reacor, ard a nanway for
taking sanples ard adding sdid catalysts, reactrts, ard ather sdid materials
to the reacbr” (USEPA 1993)
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Figure 6: Typical Desgn of a Kettle-Type BatchReacta
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Source: Adapted from Control of Volatile Organic Conpound Enissionsfrom Batch Processes, EPA Guiddine Seies,
1993.

Raw naterials o ingredients, including sdverts, used ¢ produce he
intermediate or bulk sulstances ae chargedinto the reacor vessel Liquid
ingredents ae diawninto the reacbr either by punping or throughvacuum
from drums am sbrage anks. Solids nay be charged nanualy or via
mechanical mears suchas trougha vacuumsystem

Once the reacbr vessesare chargedwith theraw meterials, the reacton takes
place. “The reacbr can be operated atatmospheric pressue, elevated
pressue, or undervacuum Because ttheir flexibilit y, reacbrs may be used
in a variety of ways. Besides losting ctemical reactons, they canact as
mixers, heaters, holding tanks, crystalizers, ard evapaators.” (USEPA,
1979) Typical reactons performed include akylations hydrogerations,
brominations, etc. Temperature, pressure, and the degee d mixing are
carefully monitored to achieve the desred product ard to ersure worker
safkty.
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Reacbrs ae dten atacted © processcondersessto recover sdverts from
process perations. Theyarealsooften atacted b other air pdlution control
devices to remove volatile organics or other compounds from vented gases.
Depering on the reacton being caried aut, a reacbr may also be attacted
to adigtillation column for solvent separation and recovery.

Separation

Several sepastion mecharisms are enployedby the prarmaceuicalindusty
including exracion, decating, cenrifugation, ard filtration. These
mechanisms may be employed jointly or individudly, in mutiple stages, to
sepadte the intermedite or bulk sutstance fom the reacton sdution ard to
remove impurities. Crystallization is another common technique used to
sepadte the desired acive ingredient or intermediate from the reacton
mixture. Because ¢stallization is widdy used in conjunction with other
separation techiques it is preserted sparately from the other separation
tecmiquesshown in Figure 5 ail discussed below.

Extracion. Extracionisused © separate liquid mixtures by taking adantage
of differences in the solubility of the mixture comporents. A solvent that
preferertially combines wth only one d the canponerts is added ¢ the
mixture. “The resulting mixture consists of an extract (containing the
preferertially combined naterial) ard a @ffinate (containing the residual
phase). Extraction may take placein an agitated reacton vessel (mixer-
setler), in a \ertical cylinder (where the sdvert flows upwad or downward
throughthe iquid mixture), or in a column with internals to mechanically
erhance he catact betweenthe two liquid prases’ (Crume etal., 1992)

Decarting. Decarning isa smple process usetb sepasate mixturesof a iquid
and insoluble solid that has settled to the bottom of a reacbr or settling
vessel. The liquid over the lid is either punped aut of the vessel or poured
from the vesselleanng behind the insduble sdid ard a cetain armount of
liquid.

Centrifugation. “Certrifugesare usedto remove the intermedete or product
solidsfroma Iquid greant (USEPA1979) Centrifugeswvork onthe piinciple
of certrifugalforce,in which anoutward forceisexerted on a rotating object
Certrifugesare cylinders with rotating baskes withinthem The sdes d the
basketare peforated aml covered with filter medium suchas waven fabric or
metal. Asthe basket rotates, adurry solutionisfed into the centrifugeviaan
inlet pipe. The cenrifugalforce pusks the slurry aganst the rotating basket
forcin